Abstract
This Working Paper should not be reported as representing the views of the IMF.
The views expressed in this Working Paper are those of the author(s) and do not necessarily represent those of the IMF or IMF policy. Working Papers describe research in progress by the author(s) and are published to elicit comments and to further debate.
INTRODUCTION
Fiscal adjustment has been an important element of IMF-supported programs.
2 Experience shows that expenditure reductions have generally been achieved while increases in revenues have fallen short in relation to program targets (IEO, 2003) . This is despite the fact that reform of the tax system-including both tax policy and revenue administration measureshas been frequently subjected to conditionality, to support the implementation of needed structural tax measures.
Conditionality typically covers both the design of IMF-supported programs-that is, the macroeconomic and structural policies-and the specific tools used to monitor progress toward the goals outlined by the country in cooperation with the IMF. All conditionality under an IMF-supported program must be critical to the achievement of macroeconomic program goals. The member country has primary responsibility for selecting, designing, and implementing the policies that will make the IMF-supported program successful. The program's objectives and policies depend on country circumstances, but the overarching goal is always to restore or maintain balance of payments viability and macroeconomic stability, while setting the stage for sustained, high-quality growth and, in low-income countries, for reducing poverty.
Until the early 1980s, IMF conditionality largely focused on macroeconomic policies. Subsequently, the complexity and scope of structural conditions increased, reflecting the IMF's growing involvement in low-income and transition economies, where severe structural problems hampered economic stability and growth. Over the years, program conditionality has become better tailored to individual country needs, more streamlined, and focused on core areas of IMF expertise (IMF, 2012) . Programs have also adapted flexibly to changing economic circumstances, which has helped to achieve program objectives, and, at the same time, sought to safeguard social spending (particularly in low-income countries).
Conditionality can take different forms, including prior actions (PA), quantitative performance criteria (QPC), indicative targets (IT), or structural benchmarks (SB). Prior actions are measures that a country agrees to take before the IMF's Executive Board approves financing or completes a review. They ensure that the program has the necessary foundation to succeed. Quantitative performance criteria are specific and measurable conditions that have to be met to complete a review. Indicative targets are used to supplement QPCs for assessing programs. Structural benchmarks are reform measures that are critical to achieve program goals and are intended to assess program implementation during a review.
Over the last 20 years, some form of revenue conditionality has been included in the 441 approved IMF-supported programs. This revenue conditionality has supported the implementation of structural tax measures in a country's reform program. 3 In recent years, the use of revenue conditionality has increased. This partly reflects greater reliance on IMF's technical assistance and the desire of countries to implement this technical advice in the context of IMF-supported programs. 4 A quick glance at the data suggests that revenue conditionality in IMF-supported programs appears to have been associated with higher revenue collection in low-and middle-income countries. Figure 1 displays tax-to-GDP ratios in countries where tax reform was supported by a period of at least two consecutive years of revenue conditionality. In more than 75 percent of such cases, the tax-to-GDP ratio increased as compared to the year prior to the inclusion of the revenue conditionality. One would expect an IMF-supported program to contribute to improving revenue collection, regardless of revenue conditionality. This is because the government should be strengthening revenue collection as part of the agreed fiscal adjustment in the context of the IMF-supported program, so as to give a positive signal to creditors and investors (Przeworsky and Vreeland, 2000) . Even in the absence of a Fund-supported program, higher revenue collection would be needed to help deal with a severe fiscal crisis. A first key question then is whether there is a role for revenue conditionality in strengthening revenue collection. 3 An example of structural tax revenue reforms with a positive revenue impact is the move to replace harmful trade taxes with broad-based consumption taxes (Baunsgaard and Keen, 2010) . 4 Arezki et al.(2012) find that IMF technical assistance and training support structural reforms in the context of IMF supported programs. Table 1 shows average annual changes in tax revenue for 1994-2013 for low-and middleincome countries. Revenue collection appears to have grown faster in countries with IMFsupported programs that included revenue conditionality. Tax revenue increased faster in this group of countries as compared to the sample as a whole, and in particular faster than countries without revenue conditionality either with an IMF-supported program or no IMFsupported program. This result is particularly strong for low-income countries in which average annual revenue growth in IMF-supported program countries that included revenue conditionality is more than twice the observed revenue growth for the sample as a whole as well as for countries with no revenue conditionality. The second key question relates to the design of revenue conditionality in IMF-supported programs. And in particular the extent to which revenue conditionality has focused more on broad-based consumption taxes-such as the VAT-or income taxes, and their overall contribution to revenue. The recent work (Arnold, 2011; OECD, 2010) suggests a growthhierarchy amongst taxes that favors broad-based consumption taxes for not discouraging savings and investment. Income taxes are believed to have the most adverse effects on growth as they interfere directly with economic decisions-in particular, labor force participation. Thus, an analysis of revenue conditionality in IMF-supported programs can help better understand the contribution of IMF-supported programs to economic growth (Dicks-Mireaux et al., 2000; Przeworsky and Vreeland, 2000) . The final issue is whether the design of revenue conditionality-focusing on tax policy or tax administration; specific or more general in nature-makes a difference to revenue collection.
There are limited studies that have analyzed the impact of IMF-supported programs on overall fiscal outcomes. 5 Most prominently, Bulir and Moon (2003) studied fiscal developments in 112 countries during the 1990s and Cho (2009) in 93 developing countries during 1951-2000 and found that IMF-supported programs had no effect on revenue collections. By contrast, Brun, Chambas and Laporte (2010) concluded that IMF-supported programs had a positive impact on total revenues in sub-Saharan Africa during 1984-2007. However, there is no recent econometric assessment of the extent to which, conditional on other revenue-relevant developments, revenue conditionality contained in IMF-supported programs have affected tax revenue collection-including its main components-nor of the underlying design factors of conditionality that may contribute to higher revenues. This paper analyzes the impact of revenue conditionality in IMF-supported programs on tax revenue collection in 126 low-and middle-income countries over the period 1993-2013. In doing so, it specifically addresses the questions raised above by using a newly assembled and broad (unbalanced) panel dataset on tax revenue-including all main tax components-and takes advantage of a database on IMF-supported programs that includes detailed information on revenue conditionality. The essence of the empirical strategy is to examine first the relationship between IMF-supported programs (with or without revenue conditionality) and tax revenue performance as compared to countries with no IMF-supported program. Second, the impact of revenue conditionality in IMF-supported programs is assessed on tax revenue, by looking at potentially differential effects on various types of taxes. Robustness tests are performed to account for differential characteristics in the design of revenue conditionality, to better understand potential differences related to the country's income level, or initial conditions, as well as the strength of institutions. Finally, cyclically adjusted revenues are considered to account for the effect of the economic cycle on revenues.
The paper is organized as follows. Section II describes the dataset, presents the empirical specification and estimation strategy. The results are presented in Section III, with further robustness analysis in Section IV. A summary of the results and policy implications are presented in Section V.
II.

DATA AND METHODOLOGY
A. Data
The dataset comprises an unbalanced panel of 126 low-and middle-income countries over the period 1993-2013. Data on tax revenues are drawn from the three sources: the IMF's Government Finance Statistics (GFS), the IMF's World Economic Outlook (WEO), and the Organization for Economic Co-operation and Development (OECD)'s Revenue Statistics in Latin America. To ensure consistency, only one data source is used for a given tax series/country over the entire sample period. . These data comprise besides total tax revenue, taxes on goods and services 6 , VAT, taxes on corporate profits (CIT), the personal income tax (PIT), and taxes on international transactions (Trade), all expressed relative to GDP. Full details of the dataset and summary statistics are provided in Appendix A. Figure 2 illustrates average tax revenue performance for all countries in the sample, showing an average increase in tax revenue collection by about 2 percentage points of GDP, over the sample period. Until 2008, revenue collection in middle-income countries increased by around 3 percentage points of GDP, on average, about 1 percentage point of GDP more than in low-income countries. After 2008, however, low-income countries were able to strengthen revenue collection further, whereas in middle-income countries, the effects of the global financial crisis resulted in lower tax-to-GDP ratios. This translated into almost a convergence between the two groups of countries in observed tax-to-GDP ratios. Revenue conditionality may be either quantitative (e.g., increasing the VAT rate to 18 percent) or structural (e.g., submitting a legislation to parliament for introducing a VAT). At the same time, revenue conditionality can be related to tax policy or tax administration reform. Finally, revenue conditionality can be specific or general. Specific revenue conditionality can be identified with a tax type and is associated with a specific revenue target (e.g., increase the tax-free threshold under the personal income tax by a certain amount). 7 General conditionality, in contrast, cannot be linked to a specific tax type and its main objective is usually either to support the initial steps in a wide-ranging tax reform (such as, submission to cabinet of a tax reform proposal) or to strengthen aspects of the revenue administration (e.g., adopt a new IT system in the revenue agency). The incidence of revenue conditionality in IMF-supported programs is represented by binary variables (including for total tax, and for each of the main taxes) that equal one if a country in a given year had an IMF-supported program with met 8 revenue conditionality and zero otherwise. In cases in which revenue conditionality cannot be linked to a specific tax (general conditionality), it is assumed that the revenue conditionality applies to all taxes in that specific year. In most cases, the first lag of the revenue conditionality dummy is considered, to account for delayed reaction of tax revenue to the tax measure implied in the conditionality. This is particularly relevant in cases where the revenue conditionality was added during a program review that took place late in the year.
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A large number of developing countries have implemented IMF-supported programs in the past twenty years. Since 1993, 96 of the 126 countries in the sample had such a program for at least 1 year. The number of years a given country had a program varied substantially. Over the entire sample, about 43 percent of the time countries had IMF-supported programs (Table  A1 in the Appendix). IMF-supported programs were more frequent in low-income countries (about 63 percent).
Revenue conditionality has been an important component of IMF-supported programs. This is because many countries, particularly low-and middle-income ones, are seeking to raise more revenues by strengthening their tax systems. The demand for public services and infrastructure in these countries is growing rapidly and domestic resource mobilization remains the major source for funding them in a sustainable manner. As a result, since 1993, over 1,500 revenue conditionalities were met in the 441 newly approved IMF-supported programs. Over the entire sample period, about 20 percent of the time countries included 7 Specific conditionality can also target revenue administration (such as, create a large VAT taxpayers unit). some type of revenue conditionality (Table A1 in the Appendix). Excluding non-IMFsupported program countries, this figure goes up to 50 percent. Figure 3 shows the number of years in which a Fund-supported program included revenue conditionality. On average, countries had 5 years with revenue conditionality, which means those IMF-supported programs included revenue conditionality in at least 5 occasions over the sample period (there might be more than one revenue conditionality in a given year, for example applying to different taxes). In addition, countries had on average, 3 years of consecutive revenue conditionality over the sample period. Figure 6 shows that the bulk of the revenue conditionality in IMF-supported programs has focused on taxes on goods and services (56 percent), followed by conditionality on taxes on income (32 percent), and on international transactions (12 percent). 
B. Empirical specification and estimation
The impact of revenue conditionality in IMF-supported programs on tax revenues is explored by estimating equations of the form:
where T denotes tax revenues in country i = 1,…,N at time t = 1,…,L, expressed relative to GDP, in logs, D is a dummy variable for revenue conditionality in IMF-supported programs (equal to 1 if an IMF-supported program with country i includes revenue conditionality in year t-1 and 0 otherwise). X is a vector of controls, and country and time-specific effects are also included. The lagged dependent variable allows for sluggish response in the tax base to changes in tax rates. Eq. (1) is estimated separately for total tax revenue (Total Tax), as well as revenues from taxes on goods and services (G&S), the value-added tax (VAT), taxes on income (Income), taxes on corporate profits (CIT), the personal income tax (PIT), and tax on international transactions (Trade).
The control variables in X are drawn from previous studies on the determinants of tax-to-GDP ratios (Ghura, 1998) and tax effort (see, for example, Sen Gupta, 2007; Baunsgaard and Keen, 2010; Pessino and Fenochietto, 2010) . In particular, the overall development of the economy, measured by GDP per capita, is expected to show a positive correlation with revenue reflecting a growing demand for public services with rising income per capita, and because of a higher degree of economic and institutional sophistication. A higher share of agriculture in value-added is expected to be negatively associated with revenue because agriculture is harder to tax. The degree of trade openness, measured as the sum of the shares of imports and exports in GDP, can present either sign. Rodrik (1998) argues that more open countries are vulnerable to risks and, given the need for social insurance, therefore tend to have bigger governments. Moreover, since trade taxes are easier to collect, especially in developing countries, a positive relationship between trade openness and revenues can be expected. However, higher trade openness could be the result of trade liberalization through tariff reductions. This would be consistent with a negative relationship between trade openness and revenue. Other control variables include inflation, which may have revenue effects through both unindexed tax systems and the generation of seigniorage; and the level of external indebtedness, which reflects the need to generate revenue to service debt.
Eq. (1) is estimated using a system-Generalized Method of Moments (GMM) model, 10 allowing for an unbiased estimate of all variables, including the coefficient on the lagged dependent variable. The system-GMM takes Eq.(1) in differences and levels as a system, using lagged changes as instruments in the latter, and lagged levels as instrument for changes in the former. This estimator is best suited for situations with "small T, large N" panels as is the case in this paper with T=21 years and N=126 countries.
Of major concern in this literature is the treatment of endogeneity of IMF revenue conditionality as IMF loans tend to be extended in response to economic imbalances (Conway, 2003) . As such, countries with a low tax-to-GDP ratio-reflecting the underlying macroeconomic and structural weaknesses-may need to request IMF support to strengthen their fiscal position, thereby creating a potential problem of reverse causality. System-GMM models are well-suited to address cases in which independent variables are not strictly exogenous, meaning they are correlated with past and possibly current realizations of the error (Roodman, 2009a) . Using second and deeper lags of the potentially endogenous variables (and their differences) make them predetermined, meaning not correlated with the error term.
Also of concern is the possibility of sample selection bias associated with participation in an IMF-supported program. With regard to tax revenues, countries that have an IMF-supported program may not be directly comparable to those without one because the former must address macroeconomic imbalances that will influence fiscal policy and the ability of the government to collect taxes. This creates a potential selection bias problem. We address this issue by following the literature on the macroeconomic effect of IMF-supported programs (Barro and Lee, 2005 ) that relies on identifying suitable instruments to isolate the effects of IMF loan programs on tax revenue. In the system-GMM equations, we instrument the IMF revenue conditionality variable with three variables: international reserves in months of imports, the change in the bilateral exchange rate to US dollar, and the overall fiscal balance. These variables are well correlated with the IMF program variable. 11 To test the validity of the instruments we present not only the Hansen statistic, but also the Sargan statistic, which is less vulnerable to instrument proliferation (Roodman, 2009b) . 12 We also include the difference-in-Hansen test of exogeneity of the instruments (Bond, Hoeffler, and Temple, 2001 ). Finally, due to the presence of heteroskedasticity in the data, robust standard errors are presented. Generally, the diagnostics performed on the estimations below are satisfactory, with a tolerable value for the Hansen/Sargan tests, and with the Arellano-Bond (1991) test for first and second order serial correlation (M1 and M2) suggesting that the former is present but the later is not, which is consistent with the underlying assumptions. The difference-in-Hansen p-values imply that we cannot reject the hypothesis that the subset of instruments used is indeed exogenous.
As an alternative to the GMM results, Appendix B presents the results for alternative models. The first one takes fixed effects models for comparability, including in addition Heckman's (1976 Heckman's ( , 1979 proposed two-stage estimation procedure using the inverse Mills ratio to take account of possible selection bias. The presence of the lagged dependent variable in Eq.(1)-with empirics showing significant serial correlation in its absence-may however create difficulties for the fixed effects estimator, with dynamic panel bias from the correlation between the lagged dependent variable and the fixed effect, and bias from any serial correlation in the error term. By taking Eq.(1) in differences, and instrumenting also the lagged dependent variable with its past levels, these issues are addressed with a system-GMM. As a second alternative to GMM and fixed effects estimators, we use the inverse probability weight regression-adjustment method to deal with potential sample selection bias (Hirano et al., 2003) .
III. MAIN RESULTS
A. Tax Revenue in IMF-supported Programs
Prior to analyzing the impact of revenue conditionality on tax revenue, it is important to determine the impact of IMF-supported programs on tax revenue, independently of revenue conditionality. As mentioned earlier, some countries have had an IMF-supported program without a revenue conditionality attached to it. This subsection thus reports the results of estimating Eq. (1) Bulir and Moon (2003) and Cho (2009) . Column 2 presents the results for H2-H3 by adding dummies for the impact of IMF-supported programs with or without revenue conditionality. While a significant and strong impact of IMF-supported programs on tax revenue is found in cases in which revenue conditionality was part of the program, no statistically significant impact is found for cases in which the program does not include revenue conditionality.
The estimated coefficient implies that IMF-supported program with revenue conditionality could raise tax revenue by about 0.7 percentage points of GDP. These result suggests that the existence of an IMF-supported program is a necessary but not sufficient condition for improving tax revenue, with the revenue conditionality actually helping countries strengthen their revenue mobilization. a/ Dependent variable is total tax revenue, relative to GDP. Full set of year dummies in all regressions. Robust standard errors, in parenthesis; ***(**,*) indicate significance at 1(5, 10) percent. b/ One step, robust, with instruments based on first lag of differences in tax and IMF Conditionality in levels equation, and second lags of their levels in the differenced equation.
B. Revenue Conditionality on Tax Revenue
We now turn to the broad analysis of the impact of revenue conditionality on total tax revenue and its main components. The question here is whether revenue conditionality in IMF-supported programs has a positive impact on revenue collection as compared to countries with no revenue conditionality. Countries with no revenue conditionality in a given year are those that had no IMF-supported program (as reported in Table 2 , columns 3-4), as well as countries that had an IMF-supported program without revenue conditionality. Table 3 reports the results for total tax revenue (Column 1), as well as four of its components: taxes on goods and services (Column 2), of which VAT (Column 3), taxes on income 13 (Column 4), and tax on international trade (Column 5). In general, we do find 13 Further disaggregation for taxes on corporate profits (CIT) and on personal income (PIT) was performed with no qualitatively difference compared to total taxes on income. The results are not presented to preserve space.
support for the underlying hypothesis that revenue conditionality contained in IMF-supported programs has a positive impact on tax revenue. The effect of revenue conditionality on tax revenue is found to be positive and significant for the total as well as for taxes on goods and services, which includes VAT. The estimated coefficient on total tax revenue implies that IMF revenue conditionality could raise tax revenue by about ½ a percentage point of GDP in a given year, with half of this revenue gain (about a ¼ of a percentage point of GDP) explained by the positive impact on taxes on goods and services. Given that countries on average had five years of IMF-supported programs with revenue conditionality, it implies a revenue gain of about 2 ½ percentage points of GDP over the sample period. a/ Dependent variable is total tax revenue, and revenue from taxes on goods and services, VAT, income, and trade, respectively, relative to GDP. Full set of year dummies in all regressions. Robust standard errors, in parenthesis; ***(**,*) indicate significance at 1(5, 10) percent. b/ One step, robust, with instruments based on first lag of differences in tax and IMF Conditionality in levels equation, and second lags of their levels in the differenced equation.
Alternatively, the lagged dependent variable captures the additional tax revenue gains over time for years with consecutive revenue conditionality. Taking this into account and recalling that countries had on average 3 years of consecutive revenue conditionality over the sample period, it implies a revenue gain of a full percentage point of GDP by the third year of consecutive revenue conditionality, with ¾ of the gain explained by taxes on goods and services.
14 Also noteworthy, during the period of an IMF-supported program, three revenue conditionalities were met, on average, which suggests that a revenue gain of about 1 percentage point of GDP can be expected over the duration of a program.
The highly significant impact of IMF revenue conditionality on taxes on goods and services-in particular on VAT-could be explained by the large share of revenue conditionality attached to these taxes as discussed in Section II. Besides their large contribution to tax revenue, the superiority of broad-base consumption taxes has been highlighted, not only in terms of efficiency and welfare gains (Keen and Ligthart, 2001 ) but also in terms of helping strengthening the tax administration, thus improving tax collection in the aggregate. The result on the VAT, in particular, also confirms previous empirical results on the positive relationship between the adoption of a VAT-which has been found to be positively correlated with having an IMF-supported program-and improvements in tax revenue collection (Keen and Lockwood, 2010) .
All in all, this result suggests that revenue conditionality has supported the development of growth-enhancing tax instruments (Arnold et al., 2011; Acosta-Ormaechea and Yoo, 2012) . A proportional tax-such as the value added tax-on all consumption, however, can have negative distributional impact. This effect is usually mitigated by exempting a few sensitive food and other items under the VAT, and adopting a turnover threshold that confers a competitive advantage to smaller and presumably less well-off traders who serve relatively poor customers; this is tantamount to a de facto exemption (Jenkins, Jenkins, and Kuo, 2006) . Moreover, if revenues from the VAT finance increase social expenditures then the net distributional outcome can be progressive (Muñoz and Cho, 2004) . Empirical evidence for 140 countries shows that IMF-supported programs have a positive effect on social spending (on health and education) in low-income countries (Clements, Gupta, and Nozaki, 2013 ).
The effect of revenue conditionality on taxes on income and on international trade is not statistically significant. In contrast to taxes on goods and services, the focus of conditionality on taxes on income has been less frequent due to their relatively low contribution to tax revenue. 15 The result can also be explained by the proliferation of tax incentives (including excessive allowances on the personal income tax or corporate income tax holidays, etc.) (Zee, Stotsky, and Ley, 2002) . As for taxes on international transactions (trade taxes), the result is expected as trade liberalization has been generally supported by revenue conditionality to replace harmful trade taxes with broad-based consumption taxes (Baunsgaard and Keen, 2010) , and as such, no impact-or even a negative impact-of revenue conditionality on trade tax should be expected.
Attention focuses now on identifying the differential impact on tax revenue from conditionality related to tax policy as opposed to tax administration measures; as well as the impact on revenue from the different taxes subjected to specific as opposed to more general revenue conditionality in IMF-supported programs, as defined in Section II above. Table 4 presents the results for conditionality on tax policy and tax administration, whereas Table 5 presents the results for the main taxes subjected to specific versus general conditionality.
Concerning the impact on tax revenue from conditionality on tax policy and tax administration, the estimated coefficients in Table 4 suggest that conditionality on tax policy has almost the same impact on revenue as conditionality on tax administration, the only difference being that the coefficient on VAT for conditionality on tax policy is more significant. The estimated coefficients are similar to those presented in Section III, implying a revenue gain of about ½ percentage point of GDP. The consistency between total tax revenue and the different taxes improves here, with the estimated coefficient on goods and services explaining the full revenue gain, and the VAT explaining more than half of this. This result also suggests that the impact on revenue collection can indeed be substantial when both types of revenue conditionality are present in a given year, which confirms that tax policy and tax administration complement each other in a successful tax reform. a/ Dependent variable is total tax revenue, and revenue from taxes on goods and services, VAT, income, and Trade, respectively, relative to GDP. Full set of controls and year dummies in all regressions. Robust standard errors, in parenthesis; ***(**,*) indicate significance at 1(5, 10) percent. b/ One step, robust, with instruments based on first lag of differences in tax and IMF Conditionality in levels equation, and second lags of their levels in the differenced equation.
Concerning the impact of specific versus general conditionality, the estimated coefficients for "general" IMF revenue conditionality in Table 5 are almost identical to those presented in Section III, with a positive and statistically significant impact on taxes and goods and services and the VAT. When considering the impact of "specific" revenue conditionality, however, two main differences arise: First, specific revenue conditionality also has a positive and statistically significant impact on taxes on income, which appears to be explained by a positive impact on taxes on corporate profits (CIT). Second, the size of the tax revenue gain is slightly larger, which is mostly explained by the now added effect on the CIT. While the estimated coefficient on total tax revenue implies a revenue gain of about 0.6 percentage points of GDP, half of this (0.3 percentage points of GDP) is explained by the positive impact on taxes on goods and services, and half by the impact on the CIT. The revenue gain differential with respect to the overall sample-and in particular with respect to more general revenue conditionality-is expected and explained by the clearer link that exists between the revenue target and the specific conditionality added to help attain this target. a/ Dependent variable is total tax revenue, and revenue from taxes on goods and services, VAT, income, and Trade, respectively, relative to GDP. Full set of controls and year dummies in all regressions. Robust standard errors, in parenthesis; ***(**,*) indicate significance at 1(5, 10) percent. b/ One step, robust, with instruments based on first lag of differences in tax and IMF Conditionality in levels equation, and second lags of their levels in the differenced equation.
Turning now to consider explicitly the potential sample selection bias problem by including alternative instruments to the system-GMM model as explained in Section II.B. 16 The results in Table 6 are qualitatively identical to those presented in Table 3 above with a significantly positive effect of IMF revenue conditionality on total tax revenue, as well as on taxes on goods and services. After instrumenting for the probability of being in an IMF program, the impact of revenue conditionality on tax revenue increases, which is reflected in larger estimated coefficients. a/ Dependent variable is total tax revenue, and revenue from taxes on goods and services, VAT, income, and trade, respectively, relative to GDP. Full set of year dummies in all regressions. Robust standard errors, in parenthesis; ***(**,*) indicate significance at 1(5, 10) percent. b/ One step, robust, with instruments based on first lag of differences in tax, international reserves (in months of imports, lagged), the exchange rate to the US dollar(percent change, lagged), and the overall fiscal balance (in percent of GDP, lagged), and second lags of their levels in the differenced equation.
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IV. FURTHER ANALYSIS
A number of robustness analyses are presented in this section. 18 A first robustness check consists of trying to identify any differential effect of revenue conditionality on tax revenue based on the level of development of the country under an IMF-supported program, or the strength and quality of the country's institutions. Table 7 presents the results for low-income countries (Column 1), and countries that are eligible for IMF PRGT concessional financing (Column 2), as well as middle-income countries (Column 3) considered separately.
19 Table 7 , Columns 4-5 present the results for countries grouped on the basis of the ICRG ranking of corruption, which is taken as a proxy for the strength of a country's institutions. For the analysis, countries with strong institutions are those with a score equal or above 3, whereas countries with weak institutions are those with a score below 3.
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The estimated coefficients on revenue conditionality for low-and middle-income countries, as well as for those eligible for concessional financing are both significantly positively related to tax revenue. The main difference between the different groups of countries is on the size of the potential revenue gain which is somewhat larger for low-income countries and those eligible for concessional financing (½ a percentage point of GDP compared to about 0.4 percentage points of GDP for middle-income countries) in the first period after the program started, but significantly larger over the longer term. Total tax revenue could potentially increase by 1½ percentage points of GDP in low-income countries by the third year after the program started as opposed to about 1 percentage point of GDP in middleincome countries. This result shows how revenue conditionality in IMF-supported programs can be instrumental in helping low-income countries address implementation challenges and capacity constraints in the adoption of tax reforms. a/ Dependent variable is total tax revenue, relative to GDP. Full set of year dummies in all regressions. Robust standard errors, in parenthesis; ***(**,*) indicate significance at 1(5, 10) percent. b/ One step, robust, with (collapsed for low-and middle-income) instruments based on first lag of differences in tax, and IMF Conditionality, in levels equation, and second lags of their levels in the differenced equation.
As for the analysis on the impact of revenue conditionality on revenue when considering the strength of a country's institutions, Table 7 (Columns 4-5) shows a clear indication that revenue conditionality in IMF-supported programs will potentially have the largest impact on countries with the strongest institutions or lowest corruption. While the estimated coefficient for countries with strong institutions is larger than that for the full sample, the impact of revenue conditionality on tax revenue of those countries with weak institutions is not statistically significant. This result confirms earlier results on the importance of institutions for fiscal policy implementation in low-income countries (Lledo and Poplawski-Ribeiro, 2013) .
A further robustness check consists in analyzing the differential impact of IMF revenue conditionality once initial conditions are accounted for. For this purpose, the sample is split to include countries above and below the average tax-to-GDP ratio, as well as countries in the 25 th percentile with the lowest and highest tax-to-GDP ratio, respectively, which is equivalent to tax revenue approximately lying below 10 percent of GDP and above 20 percent of GDP, respectively. The underlying hypothesis is that countries with a relatively low tax revenue collection may rely more on revenue measures supported by revenue conditionality to close potential fiscal gap as opposed to countries where the tax effort is already high.
The results in Table 8 show a relatively small difference in the revenue gain (about 0.1 percentage points of GDP) associated with IMF revenue conditionality for countries with tax-to-GDP ratios below the average. 21 The difference is, however, much more pronounced for countries with the lowest and highest tax-to-GDP ratios. While the revenue gain associated with revenue conditionality in the first group of countries is about 0.6 percentage points of GDP in the first year after the program started-and about 1½ percentage points of GDP by the third year after the program started-there appears to be no significant impact on countries that already face the highest tax revenue ratio (above 20 percent of GDP). a/ Dependent variable is total tax revenue, relative to GDP. Full set of year dummies in all regressions. Robust standard errors, in parenthesis; ***(**,*) indicate significance at 1(5, 10) percent. b/ One step, robust, with instruments based on first lag of differences in tax, and IMF Conditionality, in levels equation, and second lags of their levels in the differenced equation.
A final robustness test consists of identifying changes in tax-to-GDP ratios that are not related to the current state of the economy when analyzing the impact of revenue conditionality in IMF-supported programs, that is, the component of tax revenue that does not respond systematically to output conditions, but is instead the consequence of exogenous political processes or extraordinary non-economic circumstances. This analysis is particularly relevant in the context of IMF-supported programs that are usually negotiated in the context of large macroeconomic imbalances and lower-than potential economic growth.
Following Mihov (2003, 2006) , cyclically-adjusted tax revenue (and components) are obtained by estimating for each country equations of the form:
where T is tax revenue (and components), expressed relative to GDP, ΔY is real GDP growth, and Z is a set of controls.
22 In order to control for possible endogeneity of tax revenue with respect to GDP, the instrumental variables (IV) estimator is applied, where ΔY(-1) and ΔY (-2) are used as instruments. 23 The residuals of Eq. (2) for each country represent the discretionary component of tax revenue and enter estimating Eq. (1) as the dependent variable. The results in Table 9 are qualitatively similar to those in Section III with a highly significant and positive impact of revenue conditionality on total tax revenue as well as for taxes on goods and services and VAT. a/ Dependent variable is the cyclically-adjusted measure of total tax revenue, and revenue from taxes on goods and services, VAT, income, and trade, respectively, relative to GDP. Full set of year dummies in all regressions. Robust standard errors, in parenthesis; ***(**,*) indicate significance at 1(5, 10) percent. b/ One step, robust, with instruments based on first lag of differences in tax and IMF Conditionality in levels equation, and second lags of their levels in the differenced equation.
V.
CONCLUDING REMARKS
In recent years, the number of revenue-related structural benchmarks in Fund-supported programs has increased. This form of conditionality is agreed with the authorities and monitored by IMF staff, but is not a precondition for the continuation of the program. The question is whether this form of revenue conditionality has a positive impact on the revenue performance of a country. The evidence to-date has been mixed. This paper revisits the issue by using more up-to-date and detailed data for 126 low-and middle-income countries during 1993-2013. The analysis extends beyond total tax revenues by disaggregating data by tax types. Since much of the conditionality tends to be related to a specific tax, the paper analyzes its impact on different taxes.
The results are revealing. Revenue conditionality indeed matters. It matters more in lowincome countries than in the middle-income countries, particularly those countries where revenue ratios are below the group average. It has the maximum impact on taxes on goods and services as well as the VAT-a tax which is relatively more friendly towards promoting growth. These results hold even after revenues are adjusted for economic cycle. Once conditionality is targeted to a specific tax, it affects its performance and this holds for all taxes, including income taxes. Unfortunately, in countries where corruption is high, revenue conditionality makes no difference to revenue performance. exports in percent of GDP, taken from the IMF's International Financial Statistics (IFS) database. Per capita GDP is calculated in constant (2000) U.S. dollars, taken from the WDI database, expressed in logs. Inflation is the annual change in the CPI, taken from the IFS database. International reserves, nominal foreign exchange rate to the US dollar is taken from the IMF's IFS database. The overall fiscal balance, in percent of GDP, is taken from the WDI database. Foreign debt, relative to GDP, is taken from the WDI database. The ICRG corruption scores, produced by Political Risk Services Group, are assessments by staff and relate to actual and potential corruption in the following forms: excessive patronage, nepotism, job reservations, 'favor-for-favors', secret party funding and suspiciously close ties between politics and business. The scores range from 0 to 6, where 0 indicates the highest potential risk of corruption and 6 indicates the lowest potential risk for any country. Table A1 summarizes the data. 
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APPENDIX B: ALTERNATIVE MODELS
Fixed Effects Models
This section reports the results using a fixed effects model. To account for the potential selection bias, we include the so-called inverse Mills ratio as additional control variable in the regressions. This is derived in a first stage from a probit regression of the IMF-supported program on the instrumental variables used described in Section II.B, which are mainly driven from the literature (Barro and Lee, 2005) . The result for the probit regression (Table  A2) shows that the instrumental variables are well correlated with the IMF program variable. The fixed effects estimations show very similar results to those presented in Section III, with a statistically significant positive relationship between IMF revenue conditionality and total tax revenue (Appendix Table A3 ). The same result holds for taxes on goods and services and the VAT, and for the different model specifications that include the inverse Mills ratio as additional control variable. The main difference with the GMM estimations is in the size of the estimated coefficients, which are smaller. However, as it was the case with GMM, once we correct for sample selection bias, the estimated coefficient appears to be again larger for total tax revenue, but almost identical for taxes on goods and services and VAT. a/ Dependent variable is total tax revenue, and revenue from taxes on goods and services, VAT, income, and trade, respectively, relative to GDP. Full set of year dummies in all regressions. Robust standard errors, in parenthesis; ***(**,*) indicate significance at 1(5, 10) percent.
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Inverse probability weight regression-adjustment method
To address potential sample selection bias in the revenue conditionality variable we alternatively propose an inverse probability weight regression-adjustment method to calculate average treatment effects as in Hirano et al., 2003; Angrist et al., 2013; and Acemoglu et al., 2004. 24 The inverse probability adjustment estimator uses a saturated first-stage logit model to predict treatment probability (the probability of being in an IMF-supported program) based on observables, getting as close as possible to a quasi-randomized experiment. This first stage prediction is called the policy propensity score. For this first stage, we have used as observable variables the same that we used to calculate the Inverse Mills Ratio for the fixed effects method. The second stage outcome regression then corrects for the allocation bias in situations where the outcome also depends on observables, but is in every other respect exactly the same specification used in the linear-projection specifications.
Using the two-stage estimator, Table A4 shows that revenue conditionality has a positive contemporaneous effect on tax revenue collection as well as positive effect on tax revenue collection over the longer-term. Notes: a/ Robust standard errors, in parenthesis; ***(**,*) indicate significance at 1(5, 10) percent. First stage uses logit, with international reserves (in months of imports, lagged), the exchange rate to the US dollar(percent change, lagged), the overall fiscal balance (in percent of GDP, lagged), and GDP per capita (lagged change) as observables.
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24 For a survey of this and related estimators see Imbens (2004) .
